Erythroleukemia, also referred to as erythroid leukemia (9) , is a myeloproliferative disorder that is characterized by excessive proliferation of both erythrocytic and granulocytic cell lines (1 2, 13) . In cats and mice, erythroleukemia can be readily induced by oncogenic viruses (1 , 2) . Recently, a naturally occumng erythroleukemia in mice has been reported by Frith et a1 (5) . Although myeloid leukemias in rats including erythroleukemia can be experimentally induced by radiation or chemical carcinogens such as tar, benzpyrene, and N-nitrosoureas (1 1, 15, 16) , no spontaneously occumng erythroleukemia has been reported (4, 6 , 18) . In this brief communication, we describe the morphologic and immunohistochemical characteristics of erythroleukemia arising in young Sprague-Dawley (SD) rats.
A female S1c:SD (Japan SLC, Inc., Shizuoka, Japan) rat housed in an environmentally controlled room without treatment showed progressive emaciation, abdominal distension, depression, mild anemia, and dehydration and was exsanguinated at 16 wk of age under ether anesthesia. Hematologic findings included an erythrocyte count of459 x lo4/ pl, leukocyte count of 372 x 102/p1, and hematocrit value of 43%. At necropsy, severe hepatosplenomegaly with a small amount of viscous yellow abdominal ascitic fluid and enlargement of the lymph nodes throughout the body were observed. The spleen was dark red, enlarged, and abnormally hard and adhered to the abdominal wall. The femoral bone marrow was markedly pale. No gross lesions were observed in the thymus. In addition to these organs and tissues, the kidneys, adrenal glands, lungs, and heart were fixed in 10% neutral-buffered formalin, and routine paraffin-embedded sections were stained with hematoxylin and eosin (H&E). Formalin-fixed frozen sections from the spleen, liver, bone marrow, and lymph nodes were examined using Sudan black B and peroxidase staining methods. Smear preparations of peripheral blood were ex-a@md following May-Giemsa staining. For electron microscop)., the formalin-fixed spleen and lymph nodes were diced and refixed in 2.5% glutaraldehyde, postfixed in osmium tetroxide, and embedded in epoxy resin. Ultrathin sections were doubly stained with uranyl acetate and lead citrate. For immunohistochemical examination, selected sections of the paraffin-embedded tumor tissue were examined with rabbit anti-rat hemoglobin (Cappel Lab., West Chester, PA, USA) and anti-lysozyme antibodies (BioGenex Lab., Sanramon, CA, USA) and rat lymphocyte markers including W3/13, W3/ 25, 0 x 1 , 0 x 4 , 0 x 6 , 0 x 7 , and OX8 (Sera-lab, Sussex, England) by a streptavidin-biotin peroxidase complex method (10) .
In blood smear preparations, numerous abnormal cells of erythrocytic and granulocytic cell series were noted ( Fig. 1 ). Erythroblastic cells had large round to oval nuclei and scant basophilic cytoplasm. Granulocytic cells possessed large and slightly irregularshaped nuclei with clear nucleoli and relatively pale cytoplasm. Many mitotic figures and anisocytosis of maturing erythrocytes were also observed. In the spleen, the normal architecture was destroyed, and the cellular components were entirely replaced by neoplastic cells, although occasional small lymphoid follicles remained. Extramedullary hematopoiesis and hemosiderin deposition were inapparent. In the liver, numerous neoplastic cells aggregated around Glisson's sheaths and infiltrated the sinusoids (Fig. 2) . Tumor cell proliferation involved not only the lymph node sinuses but also the surrounding fatty tissues. The femoral bone marrow showed neoplastic hypercellularity. Most of these cells were Sudan black B negative in formalin-fixed frozen sections, but a positive reaction for peroxidase was indicated in the cytoplasm of a few tumor cells ( Fig.   3 ). Moderate to severe neoplastic cell infiltration was also observed in other tissues including fatty and loose connective tissues and the interstitium aroundlin the kidneys, bronchi, adrenal glands, and left ventricular myocardium. Multinucleated cells, suggestive of neoplastic megakaryocytic cells, were scattered within tumor cell foci. Hemorrhage was noted in the adrenal medulla and left ventricular myocardium.
Ultrastructurally, neoplastic erythroblastic cells had round to oval nuclei with thick and coarse chromatin (Fig. 5) . The cytoplasm was abundant in free ribosomes and monoparticulate glycogen. A small number of organelles formed aggregations in occasional cells. Granulocytic cell series cells, mainly myeloblastic cells, and spherical nuclei with prominent nucleoli and scant chromatin and high nuclear/cytoplasmic ratios (Fig. 6 ). The cytoplasm was rich in free ribosomes but lacking in organelles. Some of the neoplastic cells had centrosomes and Auel body-like structures in the cytoplasm. A few premyeloblastic cells that had cleaved nuclei and small primary granules were present. No virus-like structures, including C-particles, were observed in any cells examined.
All the preceding features are comparable to those of erythroleukemias in other species including cats and mice (1, 3, 8) .
Immunohistochemically, the cytoplasm of atypical erythroblasts and neoplastic megaloblastic cells was positive for hemoglobin ( Fig. 4) . These neoplastic erythroid cells were completely negative for lysozyme and various lymphocyte markers including W3/13, W3/25, 0 x 1 , 0 x 4 , 0 x 6 , 0 x 7 , and 0x8. Hemoglobin is synthesized in almost all stages of erythrocytic maturation from pre-erythroblasts to mature erythrocytes (14, 17) . In the present case, atypical erythroblasts and megaloblastic cells were predominant in the spleen, liver, and bone marrow, and these neoplastic cells retained antigenicity against hemoglobin. The presence of dysplastic cells that were negative for hemoglobin in the same sections suggests earlier differentiation stages of erythrocytic cells, in which hemoglobin synthesis has not reached sufficient amounts to demonstrate immunologically or not yet been triggered.
Lysozyme, also referred to as mulamidase, is generally found within granulocytes, monocytes, and macrophages and is a marker for these cells (7, 17) .
The enzyme first appears in the pre-myelocyte stage and does not exist in lymphocytes or reticulocytes (17) . Tumor cells of granulocytic cell series, however, were negative for all antibodies examined. Although a few investigators reported lysozyme synthesis in rat experimental myeloid leukemia (7, 18) , the present neoplastic granulocytic cells were negative for lysozyme, presumably because the majority of these tumor cells were myeloblastic cells and/ or diagnostic criteria for blasts, and pre-myelocytes differed from those of early investigators.
Erythroleukemia in rats is an apparently rare hematopoietic neoplasm that is not included as an entity in Frith's classification of the tumors in the SD rat (4, 9) . Therefore, this report may represent thefirsterythroleukemia occurring naturally in a rat. 
